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0 Birefringence diffraction grating type polarizer. 

0 In a birefringence diffraction grating type polar- 
izer, periodic proton ion-exchanged regions (2) are 
provided on the principal plane surface of an opti- 
cally anisotropic crystal substrate (1) to provide an 
optical diffraction grating, and a dielectric layer (3) is 
provided on each of the periodic proton ion-ex- 
changed regions. The refractive index of the dielec- 
tric layer is proximate or equal to that of the crystal 
substrate, and the whole surface of the optical dif- 
fraction grating is covered by an anti -reflection layer 
(4) of a single material having a uniform thickness. 
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BIREFRINGENCE DIFFRACTION GRATING TYPE POLARIZER 


FIELD OF THE INVENTION 

This invention relates to a birefringence diffrac- 
tion grating type polarizer. Such a polarizer may be 
useful for various optical Instruments making use of 
a LASER diode. 


BACKGROUND OF THE INVENTION 

A polarizer element, particularly a polarizing 
beam splitter, is an element in. which specifically 
polarized light Is obtained by changing the direc- 
tion of light propagation between polarized light 
beams perpendicular to each other. Such an ele- 
ment is used as a component for constructing an 
optical isolator or an optical circulator in a light 
source module for an optical fiber communication 
system, an optical head for an optical disc, and so 
on. 

A conventional polarizing beam splitter such as 
a Glan-Thompson prism or Rochon prism is an 
element in which a light path is split based on the 
difference between the refraction angles or the total 
reflection angles of two orthogonally polarized light 
components at the reflection plane of a crystal with 
large birefringence, or an element in which light is 
totally reflected or transmitted In accordance with 
the difference of refractive indices of polarized light 
in a multilayer dielectric film formed at the reflec- 
tion plane of a total reflection prism consisting of 
an isotropic optical medium, such as glass. 

With such a conventional polarizer element, 
however, there is a disadvantage that the size is 
large because the configuration is a cube having a 
side as long as V2 times the diameter of a trans- 
mitting light beam. This is because the conven- 
tional polarizer element has a reflection boundary 
surface which is positioned to be at a slant relative 
to the light axis by at least 45 degrees. In more 
detail, where the conventional polarizer element is 
applied to an optical disc for recording and re- 
producing, the transmitting light beam is large in 
size so that the configuration is a cube having a 
side of 8 to 10 mm. 

Another type of known polarizer element is 
disclosed in "National conference record. 1982, 
Optical & Radio wave Electronics, the Institute of 
Electronics & Communication Engineers of Japan, 
Part 2". This known polarizer element consists of a 
birefringent tapered plate of Rutile (TiOa) having a 
tapered angle of 4 degrees. When a parallel light 
beam is incident on the birefringent tapered plate 
on on side thereof, the parallel light beam is 
subject to different refractions as between the ex- 


traordinary ray component and the ordinary ray 
component, so that the two components are split 
on the other side of the birefringent tapered plate 
with a split angle of approximately 1 degree. 

5 With the birefringent tapered plate, however, 
there is the disadvantage tiiat the fabricating pro- 
cess is complicated because the cutting of a ta- 
pered configuration is difficult on a mass-produc- 
tion basis, and the polishing of a tapered surface is 

10 also difficult to be carried out. There is a further 
disadvantage that Rutile is expensive. 


SUMMARY OF THE INVENTION 

75 

According to the invention, a birefringence dif- 
fraction grating type polarizing comprises an opti- 
cally anisotropic sheet crystal substrate having pe- 
riodic ion-exchanged regions to provide an optical 

20 diffraction grating; dielectric layers provided over 
the ion-exchanged regions, and having a refractive 
index proximate or equal to that of the crystal 
substrate; and an anti-refiection layer of a uniform 
thickness provided over the whole surface of the 

25 crystal substrate and the dielectric layers. 


BRIEF DESCRIPTION OF THE DRAWINGS 

30 The invention will be explained in more detail 
by way of example in conjunction with the appen- 
ded drawings, in which:- 

Figure 1 is a cross-sectional view showing a 
birefringence diffraction grating type polarizer in an 
35 embodiment of tiie invention, and 

Figure 2 is a perspective view of the polar- 
izer of Figure T. 


40 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before explaining a birefringence diffraction 
grating type polarizer embodying the invention, the 

45 principle of operation will be briefly explained. 

In a polarizer making use of the invention, the 
reflection between crystal substrate and dielectric 
film is negligible, because the dielectric film has a 
refractive index proximate to tiiat of tiie crystal 

50 substrate as described above for a polarizer of the 
birefringence diffraction grating type. Therefor , the 
surface of the polarizer is optically to be equivalent 
to the surface of a single substance. Accordingly, 
an anti-reflection layer can be provided by simply 
depositing a conventional anti-reflection layer of a 
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uniform thickness on the crystal substrate. This 
simplifies significantly the fabricating process for 
growing the anti-reflection layer. Moreover, the 
phase condition of the diffraction grating is free 
from disturbance, because the thickness of the 
anti-reflection layer is uniform, so that the decrease 
of extinction ratio and the increase of diffraction 
loss which usually result from the presence of an 
anti-reflection layer can be avoided* 

A birefringence diffraction grating type polar- 
izer in the embodiment according to the invention 
wili now be explained with reference to Figures 1 
and 2. A crystal substrate 1 having optical an- 
isotropy is fomned by a Y cut sheet of lithium 
niobate (LiNbOa) in this embodiment. A series of 
proton exchanged regions 2 are provided regularly 
or periodically on the substrate 1. On these proton 
exchanged regions 2 are formed dielectric films 3 
each having a refractive index equal to or substan- 
tially equal to that of the substrate 1, thereby 
providing an optical diffraction grating. Dielectric 
substances having such refractive indices are ex- 
emplified by lithium niobate (LiNbOs). niobium pen- 
toxide (N2OS), zirconium dioxide (Zr02), zinc sul- 
phide (ZnS). titanium dioxide (TiOa), cerium dioxide 
(CeOz). tantalium pentoxide (TaaOs) and tellurium 
dioxide (TeOa). An anti-reflection film 4 of a uniform 
thickness is provided on the substrate 1 and on the 
dielectric films 3. This anti-reflection film 4 consists 
of a material having a refractive index approximat- 
ing to the square root of the refractive index of the 
substrate 1, and has a uniform thickness equal to a 
dimension obtained by a calculation in which a light 
wavelength is divided by a value four times the 
refractive index of the anti-reflection film 4. 

A material having such a refractive index is 
selected from, for instance, silicon dioxide (SiOz). 
calcium fluoride (CaFa). aluminum fluoride (AIF3), 
lanthanum fluoride (LaFa), strontium fluoride (SrFa) 
and magnesium fluoride (MgFa). The anti-reflection 
film 4 having such a refractive index reduces the 
reflection factor between the substrate 1 and the air 
to "zero", preventing the reflection on portions 
without the dielectric layer 3. Further, the reflection 
induced at the boundary between the substrate 1 
and the dielectric layer 3 is reduced to be almost 
"zero" because their refractive indices are almost 
equal to each other, and the reflection between the 
dielectric film 3 and the air is reduced to be almost 
"zero" in the presence of the anti-reflection layer 4 
which is provided between the substrate 1 and the 
air. Therefore, the reflections on the two different 
substances of the polarizer surface composed of 
the substrate 1 and the dielectric film 3 are pre- 
vented simultaneously by simply d positing the 
anti-r flection film 4 of a uniform thickness. This 
anti-reflection film 4 may be composed of multiple 
layers providing an equivalent phase shift. In the 


case where the surface of the grating is in contact 
with an external material other than the air, th 
refractive index of the anti-reflection film 4 may be 
nearly equal to the square root of the product 

5 between the refractive index of the external ma- 
terial and that of the substrate 1 . 

In Figure 2 incident light 10 of circular polariza- 
tion is split as a zero order diffraction light beam 1 1 
of a polarization along the x-axis, and plus and 

10 minus order diffraction light beams 12 and 13 of a 
polarization orthogonal to the polarization of the 
zero order light beam 1 1 . 

The intensity of the zero order diffraction light 
beam 1 1 of this diffraction grating is given by the 

75 function: cos 2 [nTp + (nd-1 )T^y>^ where X represents 
a light wavelength, n represents the change in the 
refractive index caused by the proton exchange. Tp 
represents the depth of the proton exchanged re- 
gions 2, nd represents the refractive index of the 

20 dielectric film 3, and td represents the thickness of 
the dielectric film 3. Assuming that the light 
wavelength is 1.3)xm. then the refractive index of 
the substrate 1 of lithium niobate is about 2.2, and 
the change in the refractive index in accordance 

25 with the proton exchange is about +0.10 for the 
extraordinary ray, and is about -0.04 for the or- 
dinary ray. Therefore, the depth of the proton ion- 
replacement regions 2 is about 4,6um, and the 
thickness of the dielectric films 3 is about 0.1 6um, 

30 where niobium pentoxide (NbaOs) having a refrac- 
tive index of about 2.2 is used for the dielectric 
layer 3, so that the intensity of the zero order 
diffraction light beam 11 of this grating can be "0" 
for the extraordinary ray, and "1 " for the ordinary 

35 ray, whereby the grating functions as a poiarizer. If 
the SiOa layer giving a refractive index of 1.45 is 
used as the anti-reflection layer 4. the thickness of 
the Si02 layer should be about 2200A. 

The proton exchanged regions 2 of 4.6y.m in 

40 depth can be provided by immersing the lithium 
niobate substrate 1 in liquified benzoic acid, for 
example at 250' C for four and a half hours. The 
niobium oxide film 3 of about 0.1 611m in thickness 
can be provided by spattering from a NbaOs target, 

45 or by reactive spattering from a Nb target in oxy- 
gen environment. The SiOa layer 4 of 2200A in 
thickness can be provided by ordinary spattering. 

The angle of diffraction is almost inversely pro- 
portional to the pitch of the diffraction grating. 

50 Hence, tiie pitch of the grating is determined so as 
to obtain an angle of diffraction greater than that 
required for separating the diffracted light from the 
non-diffracted light. For instance, the angle of dif- 
fraction is 0.74' for a pitch of lOOum, and is 7.5* 

55 for a pitch of lOiim. r spectively, where the 
wavelength is 1 .3um. 

In this way a polarizer which is tiiin and of a 
low price can be obtained, since it can be fab- 
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ricated from a thin lithium niobate sheet crystal in a 
mass by batch process. Thus the birefringence 
diffraction grating type polarizer illustrated has the 
advantages that it can be made small in size and 
can be of low material cost. Furthermore it can be 
fabricated by a relatively simple process. 

As described above, it is seen that light reflec- 
tion can be avoided simply by disposing an anti- 
reflection layer of a single material having a uni- 
form thickness on a substrate provided with a se- 
ries of proton exchanged regions thereon, thereby 
simplifying the fabricating process thereof. The uni- 
form thickness of the anti-reflection layer prevents 
the disturbance of the phase condition in the dif- 
fraction grating, so that a sheet type polarizing 
element with a high . extinction ratio and a low 
insertion loss is readily obtained. 

Although the invention has been described with 
respect to a specific embodiment for complete and 
clear disclosure, the appended claims are not thus 
limited to it but are to be construed as embodying 
all modification and alternative constructions that 
may occur to one skilled in the art which fairiy fall 
within the basic teaching herein set forth. 


Claims 


5. A birefringence diffraction grating type polar- 
izer as defined in any of claims 1 to 4, wherein 
said anti-reflection layer (4) is of a material se- 
lected from silicon dioxide, calcium fluoride (CaF2), 
5 alumium- fluoride (AIF3), lanthanum fluoride (LaFa), 
strontium fluoride (SrFg) and magnesium fluoride. 


to 


75 
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1 . A birefringence diffraction grating type polar- 
izer: comprising, 30 
an optically anisotropic sheet crystal substrate (1) 
having periodic ion-exchanged regions (2) to pro- 
vide an optical diffraction grating; 

dielectric layers (3) provided over said ion-ex- 
changed regions, and having a refractive index 35 
proximate or equal to that of said crystal substrate; 
and 

an anti-reflection layer (4) of a uniform thickness 
provided over the whole suriace of said crystal 
substrate and said dielectric layers. 40 

2. A birefringence diffraction grating type polar- 
izer as defined in claim 1, wherein said dielectric 
layers (3) are of a substance selected from lithium 
niobate. niobium pentoxide, zirconium oxide, zinc 
sulphide (ZnS), titanium dioxide (Ti02), cerium 45 
dioxide {Ce02), tantalum pentoxide {Ta205) and tel- 
lurium oxide. 

3. A birefringence diffraction grating type polar- 
izer as defined in claim 1 or 2. wherein said anti- 
reflection layer (4) is of a material of a refractive so 
index substantially equal to the square root of the 
refractive index of said sheet crystal substrate. 

4. A birefringence diffraction grating type polar- 
izer as defined In claim 1, 2 or 3. wherein said anti- 
reflection layer (4) is of a thickness determined by ss 
a calculation in which a light wavei ngth is divided 

by a value four times th r tractive ind x of said 
anti-reflection layer. 
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0 Birefringence diffraction grating type polarizer. 
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0 In a birefringence diffraction grating type polar- 
izer, periodic proton ion-exchanged regions (2) are 
provided on the principal plane surface of an opti- 
cally anisotropic crystal substrate (1) to provide an 
optical diffraction grating, and a dielectric layer (3) is 
provided on each of the periodic proton ion-ex- 


FIG. 2 


changed regions. The refractive index of the dielec- 
tric layer is proximate or equal to that of the crystal 
substrate, and the whole surface of the optical dif- 
fraction grating is covered by an anti-reflection layer 
(4) of a single material having a uniform thickness. 
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